
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0080680 A1 

US 2015 0080680A1 

Zdebicket al. (43) Pub. Date: Mar. 19, 2015 

(54) COMMUNICATION SYSTEM WITH PARTIAL Publication Classification 
POWER SOURCE 

(51) Int. Cl. 
(71) Applicant: Proteus Digital Health, Inc., East Palo A6B 5/07 (2006.01) 

Alto, CA (US) G06K 7/10 (2006.01) 
(52) U.S. Cl. 

(72) Inventors: Mark Zdeblick, Portola Valley, CA CPC .............. A61B5/07 (2013.01); G06K 7/10168 
(US); Timothy Robertson, Belmont, CA (2013.01) 
(US); Aleksandr PIKELNY, Los USPC .......................................................... 6OO/302 
Angeles, CA (US); Hooman Hafezi, 
Redwood City, CA (US) (57) ABSTRACT 

(21) Appl. No.: 14/341,639 The system of the present invention includes a conductive 
1-1. element, an electronic component, and a partial power Source 

(22) Filed: Jul. 25, 2014 in the form of dissimilar materials. Upon contact with a 
O O conducting fluid, a Voltage potential is created and the power 

Related U.S. Application Data Source is completed, which activates the system. The elec 
(63) Continuation of application No. 13/153.312, filed on tronic component controls the conductance between the dis 

Jun. 3, 2011, now Pat. No. 8,816,847, which is a con 
tinuation of application No. 12/564,017, filed on Sep. 
21, 2009, now Pat. No. 7,978,064, which is a continu 
ation of application No. 1 1/912,475, filed on Jun. 23, 
2008, now Pat. No. 8,847,766. 
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system can be used in a variety of different applications, 
including as components of ingestible identifiers, such as may 
be found in ingestible event markers, e.g., pharma-informat 
ics enabled pharmaceutical compositions. 
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COMMUNICATION SYSTEM WITH PARTAL 
POWER SOURCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/912,475 filed Jun. 23, 2008: which 
application is a 371 application of PCT Application Serial No. 
PCT/US06/16370 filed Apr. 28, 2006: which application pur 
suant to 35 U.S.C. S 119 (e), claims priority to the filing dates 
of U.S. Provisional Patent Application Ser. No. 60/676,145 
filed Apr. 28, 2005: U.S. Provisional Patent Application Ser. 
No. 60/694,078 filed Jun. 24, 2005: U.S. Provisional Patent 
Application Ser. No. 60/713,680 filed Sep. 1, 2005 and U.S. 
Provisional Patent Application Ser. No. 60/790,335 filed Apr. 
7, 2006; the disclosures of which are herein incorporated by 
reference. 

FIELD 

0002 The present invention is related to systems for detec 
tion of an event. More specifically, the present disclosure 
includes a system that includes a partial power source that can 
be activated when in contact with conductive liquid and is 
capable of controlling conductance to mark an event. 

BACKGROUND 

0003 Ingestible devices that include electronic circuitry 
have been proposed for use in a variety of different medical 
applications, including both diagnostic and therapeutic appli 
cations. These devices typically require an internal power 
Supply for operation. Examples of Suchingestible devices are 
ingestible electronic capsules which collect data as they pass 
through the body, and transmit the data to an external receiver 
system. An example of this type of electronic capsule is an 
in-vivo video camera. The Swallowable capsule includes a 
camera system and an optical system for imaging an area of 
interest onto the camera system. The transmitter transmits the 
Video output of the camera system and the reception system 
receives the transmitted video output. Other examples 
include an ingestible imaging device, which has an internal 
and self contained power Source, which obtains images from 
within body lumens or cavities. The electronic circuit com 
ponents of the device are enclosed by an inert indigestible 
housing (e.g. glass housing) that passes through the body 
internally. Other examples include an ingestible data recorder 
capsule medical device. The electronic circuits of the dis 
closed device (e.g. sensor, recorder, battery etc.)arehoused in 
a capsule made of inert materials. 
0004. In other examples, fragile radio frequency identifi 
cation (RFID) tags are used in drug ingestion monitoring 
applications. In order for the RFID tags to be operational, 
each requires an internal power Supply. The RFID tags are 
antenna structures that are configured to transmit a radio 
frequency signal through the body. 
0005. The problem these existing devices pose is that the 
power source is internal to device and Such power sources are 
costly to produce and potentially harmful to the Surrounding 
environment if the power source leaks or is damaged. Addi 
tionally, having antennas extending from the device is a con 
cern as related to the antennas getting damaged or causing a 
problem when the device is used in-vivo. Therefore, what is 
needed is suitable system with circuitry that eliminates the 
need for an internal power source and antennas. 
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SUMMARY 

0006. The present disclosure includes a system for pro 
ducing a unique signature that indicates the occurrence of an 
event. The system includes circuitry and components that can 
be placed within certain environments that include a conduct 
ing fluid. One example of Such an environment is inside a 
container that houses the conducting fluid. Such as a sealed 
bag with a solution, which includes an IV bag. Another 
example is within the body of a living organism, such as an 
animal or a human. The systems are ingestible and/or digest 
ible or partially digestible. The system includes dissimilar 
materials positioned on the framework Such that when a con 
ducting fluid comes into contact with the dissimilar materials, 
a Voltage potential difference is created. The Voltage potential 
difference, and hence the Voltage, is used to power up control 
logic that is positioned within the framework. Ions or current 
flows from the first dissimilar material to the second dissimi 
lar material via the control logic and then through the con 
ducting fluid to complete a circuit. The control logic controls 
the conductance between the two dissimilar materials and, 
hence, controls or modulates the conductance. 
0007 As the ingestible circuitry is made up of ingestible, 
and even digestible, components, the ingestible circuitry 
results in little, if any, unwanted side effects, even when 
employed in chronic situations. Examples of the range of 
components that may be included are: logic and/or memory 
elements; effectors; a signal transmission element; and a pas 
sive element, such as a resistor or inductor. The one or more 
components on the surface of the support may be laid out in 
any convenient configuration. Where two or more compo 
nents are present on the Surface of the Solid Support, intercon 
nects may be provided. All of the components and the Support 
of the ingestible circuitry are ingestible, and in certain 
instances digestible or partially digestible. 

BRIEF DESCRIPTION OF THE FIGURES 

0008 FIG. 1 shows a pharmaceutical product with an 
event indicator system according to the teaching of the 
present invention, wherein the product and the event indicator 
system combination are within the body. 
0009 FIG. 2A shows the pharmaceutical product of FIG. 
1 with the event indicator system on the exterior of the phar 
maceutical product. 
(0010 FIG. 2B shows the pharmaceutical product of FIG. 1 
with the event indicator system positioned inside the pharma 
ceutical product. 
0011 FIG. 3 is a block diagram representation of one 
aspect of the event indicator system with dissimilar metals 
positioned on opposite ends. 
0012 FIG. 4 is a block diagram representation of another 
aspect of the event indicator system with dissimilar metals 
positioned on the same end and separated by a non-conduct 
ing material. 
0013 FIG. 5 shows ionic transfer or the current path 
through a conducting fluid when the event indicator system of 
FIG. 3 is in contact with conducting liquid and in an active 
State. 

0014 FIG. 5A shows an exploded view of the surface of 
dissimilar materials of FIG. 5. 

(0015 FIG. 5B shows the event indicator system of FIG.5 
with a pH sensor unit. 
0016 FIG. 6 is a block diagram illustration of one aspect 
of the control device used in the system of FIGS. 3 and 4. 
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DETAILED DESCRIPTION 

0017. The present disclosure includes multiple embodi 
ments for indicating the occurrence of an event. As described 
in more detail below, a system of the present invention is used 
with a conducting fluid to indicate the event marked by con 
tact between the conducting fluid and the system. For 
example, the system of the present disclosure may be used 
with pharmaceutical product and the event that is indicated is 
when the product is taken or ingested. The term "ingested’ or 
"ingest or "ingesting is understood to mean any introduc 
tion of the system internal to the body. For example, ingesting 
includes simply placing the system in the mouth all the way to 
the descending colon. Thus, the term ingesting refers to any 
instant in time when the system is introduced to an environ 
ment that contains a conducting fluid. Another example 
would be a situation when a non-conducting fluid is mixed 
with a conducting fluid. In such a situation the system would 
be present in the non-conduction fluid and when the two fluids 
are mixed, the system comes into contact with the conducting 
fluid and the system is activated. Yet another example would 
be the situation when the presence of certain conducting 
fluids needed to be detected. In such instances, the presence of 
the system, which would be activated, within the conducting 
fluid could be detected and, hence, the presence of the respec 
tive fluid would be detected. 
0018 Referring again to the instance where the system is 
used with the product that is ingested by the living organism, 
when the product that includes the system is taken or 
ingested, the device comes into contact with the conducting 
liquid of the body. When the system of the present invention 
comes into contact with the body fluid, a Voltage potential is 
created and the system is activated. A portion of the power 
source is provided by the device, while another portion of the 
power source is provided by the conducting fluid, which is 
discussed in detail below. 
0019 Referring now to FIG. 1, an ingestible product 14 
that includes a system of the present invention is shown inside 
the body. The product 14 is configured as an orally ingestible 
pharmaceutical formulation in the form of a pill or capsule. 
Upon ingestion, the pill moves to the stomach. Upon reaching 
the stomach, the product 14 is in contact with stomach fluid 
18 and undergoes a chemical reaction with the various mate 
rials in the stomach fluid 18, such as hydrochloric acid and 
other digestive agents. The system of the present invention is 
discussed in reference to a pharmaceutical environment. 
However, the scope of the present invention is not limited 
thereby. The present invention can be used in any environ 
ment where a conducting fluid is present or becomes present 
through mixing of two or more components that result in a 
conducting liquid. 
0020 Referring now to FIG. 2A, a pharmaceutical product 
10, similar to the product 14 of FIG.1, is shown with a system 
12, Such as an ingestible event marker or an ionic emission 
module. The scope of the present invention is not limited by 
the shape or type of the product 10. For example, it will be 
clear to one skilled in the art that the product 10 can be a 
capsule, a time-release oral dosage, a tablet, a gel cap, a 
Sub-lingual tablet, or any oral dosage product that can be 
combined with the system 12. In the referenced embodiment, 
the product 10 has the system 12 secured to the exterior using 
known methods of securing micro-devices to the exterior of 
pharmaceutical products. Example of methods for securing 
the micro-device to the product is disclosed in U.S. Provi 
sional Application No. 61/142,849 filed on Jan. 1, 2009 and 
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entitled HIGH-THROUGHPUT PRODUCTION OF 
INGESTIBLE EVENT MARKERS’ as well as U.S. Provi 
sional Application No. 61/177,611 filed on May 12, 2009 and 
entitled INGESTIBLE EVENT MARKERS COMPRIS 
ING AN IDENTIFIER AND AN INGESTIBLE COMPO 
NENT, the entire disclosure of each is incorporated herein 
by reference. Once ingested, the system 12 comes into con 
tact with body liquids and the system 12 is activated. The 
system 12 uses the Voltage potential difference to power up 
and thereafter modulates conductance to create a unique and 
identifiable current signature. Upon activation, the system 12 
controls the conductance and, hence, current flow to produce 
the current signature. 
0021. There are various reasons for delaying the activation 
of the system 12. In order to delay the activation of the system 
12, the system 12 may be coated with a shielding material or 
protective layer. The layer is dissolved over a period of time, 
thereby allowing the system 12 to be activated when the 
product 10 has reached a target location. 
0022 Referring now to FIG.2B, a pharmaceutical product 
20, similar to the product 14 of FIG. 1, is shown with a system 
22, such as an ingestible event marker or an identifiable 
emission module. The scope of the present invention is not 
limited by the environment to which the system 22 is intro 
duced. For example, the system 22 can be enclosed in a 
capsule that is taken in addition to/independently from the 
pharmaceutical product. The capsule may be simply a carrier 
for the system 22 and may not contain any product. Further 
more, the scope of the present invention is not limited by the 
shape or type of product 20. For example, it will be clear to 
one skilled in the art that the product 20 can be a capsule, a 
time-release oral dosage, a tablet, a gel capsule, a Sub-lingual 
tablet, or any oral dosage product. In the referenced embodi 
ment, the product 20 has the system 22 positioned inside or 
secured to the interior of the product 20. In one embodiment, 
the system 22 is secured to the interior wall of the product 20. 
When the system 22 is positioned inside a gel capsule, then 
the content of the gel capsule is a non-conducting gel-liquid. 
On the other hand, if the content of the gel capsule is a 
conducting gel-liquid, then in an alternative embodiment, the 
system 22 is coated with a protective cover to prevent 
unwanted activation by the gel capsule content. If the content 
of the capsule is a dry powder or microspheres, then the 
system 22 is positioned or placed within the capsule. If the 
product 20 is a tablet or hard pill, then the system 22 is held in 
place inside the tablet. Once ingested, the product 20 contain 
ing the system 22 is dissolved. The system 22 comes into 
contact with body liquids and the system 22 is activated. 
Depending on the product 20, the system 22 may be posi 
tioned in either a near-central or near-perimeter position 
depending on the desired activation delay between the time of 
initial ingestion and activation of the system 22. For example, 
a central position for the system 22 means that it will take 
longer for the system 22 to be in contact with the conducting 
liquid and, hence, it will take longer for the system 22 to be 
activated. Therefore, it will take longer for the occurrence of 
the event to be detected. 

0023 Referring now to FIG. 3, in one embodiment, the 
systems 12 and 22 of FIGS. 2A and 2B, respectively, are 
shown in more detail as system30. The system 30 can be used 
in association with any pharmaceutical product, as mentioned 
above, to determine when a patient takes the pharmaceutical 
product. As indicated above, the scope of the present inven 
tion is not limited by the environment and the product that is 
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used with the system 30. For example, the system 30 may be 
placed within a capsule and the capsule is placed within the 
conducting liquid. The capsule would then dissolve over a 
period of time and release the system 30 into the conducting 
liquid. Thus, in one embodiment, the capsule would contain 
the system 30 and no product. Such a capsule may then be 
used in any environment where a conducting liquid is present 
and with any product. For example, the capsule may be 
dropped into a container filled with jet fuel, saltwater, tomato 
sauce, motor oil, or any similar product. Additionally, the 
capsule containing the system 30 may be ingested at the same 
time that any pharmaceutical product is ingested in order to 
record the occurrence of the event, such as when the product 
was taken. 

0024. In the specific example of the system 30 combined 
with the pharmaceutical product, as the product or pill is 
ingested, the system 30 is activated. The system 30 controls 
conductance to produce a unique current signature that is 
detected, thereby signifying that the pharmaceutical product 
has been taken. The system 30 includes a framework32. The 
framework 32 is a chassis for the system 30 and multiple 
components are attached to, deposited upon, or secured to the 
framework32. In this embodiment of the system30, a digest 
ible material 34 is physically associated with the framework 
32. The material 34 may be chemically deposited on, evapo 
rated onto, secured to, or built-up on the framework all of 
which may be referred to herein as “deposit” with respect to 
the framework32. The material 34 is deposited on one side of 
the framework32. The materials of interest that can be used as 
material 34 include, but are not limited to: Cu or CuI. The 
material 34 is deposited by physical vapor deposition, elec 
trodeposition, or plasma deposition, among other protocols. 
The material 34 may be from about 0.05 to about 500 um 
thick, such as from about 5 to about 100 um thick. The shape 
is controlled by shadow mask deposition, or photolithogra 
phy and etching. Additionally, even though only one region is 
shown for depositing the material, each system 30 may con 
tain two or more electrically unique regions where the mate 
rial 34 may be deposited, as desired. 
0025. At a different side, which is the opposite side as 
shown in FIG. 3, another digestible material 36 is deposited, 
such that materials 34 and 36 are dissimilar. Although not 
shown, the different side selected may be the side next to the 
side selected for the material 34. The scope of the present 
invention is not limited by the side selected and the term 
“different side' can mean any of the multiple sides that are 
different from the first selected side. Furthermore, even 
though the shape of the system is shown as a square, the shape 
maybe any geometrically suitable shape. Material 34 and 36 
are selected such that they produce a voltage potential differ 
ence when the system 30 is in contact with conducting liquid, 
such as body fluids. The materials of interest for material 36 
include, but are not limited to: Mg., Zn, or other electronega 
tive metals. As indicated above with respect to the material 
34, the material 36 may be chemically deposited on, evapo 
rated onto, secured to, or built-up on the framework. Also, an 
adhesion layer may be necessary to help the material 36 (as 
well as material 34 when needed) to adhere to the framework 
32. Typical adhesion layers for the material 36 are Ti, Tiw, Cr 
or similar material. Anode material and the adhesion layer 
may be deposited by physical vapor deposition, electrodepo 
sition or plasma deposition. The material 36 may be from 
about 0.05 to about 500 um thick, such as from about 5 to 
about 100 um thick. However, the scope of the present inven 
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tion is not limited by the thickness of any of the materials nor 
by the type of process used to deposit or secure the materials 
to the framework 32. 
0026. According to the disclosure set forth, the materials 
34 and 36 can be any pair of materials with different electro 
chemical potentials. Additionally, in the embodiments 
wherein the system 30 is used in-vivo, the materials 34 and 36 
may be vitamins that can be absorbed. More specifically, the 
materials 34 and 36 can be made of any two materials appro 
priate for the environment in which the system 30 will be 
operating. For example, when used with an ingestible prod 
uct, the materials 34 and 36 are any pair of materials with 
different electrochemical potentials that are ingestible. An 
illustrative example includes the instance when the system 30 
is in contact with an ionic solution, Such as stomach acids. 
Suitable materials are not restricted to metals, and in certain 
embodiments the paired materials are chosen from metals and 
non-metals, e.g., a pair made up of a metal (Such as Mg) and 
a salt (such as CuC1 or CuI). With respect to the active elec 
trode materials, any pairing of Substances—metals, salts, or 
intercalation compounds—with suitably different electro 
chemical potentials (voltage) and low interfacial resistance 
are suitable. 
0027 Materials and pairings of interest include, but are 
not limited to, those reported in Table 1 below. In one embodi 
ment, one or both of the metals may be doped with a non 
metal, e.g., to enhance the Voltage potential created between 
the materials as they come into contact with a conducting 
liquid. Non-metals that may be used as doping agents in 
certain embodiments include, but are not limited to: sulfur, 
iodine and the like. In another embodiment, the materials are 
copperiodine (CuI) as the anode and magnesium (Mg) as the 
cathode. Embodiments of the present invention use electrode 
materials that are not harmful to the human body. 

TABLE 1 

Anode Cathode 

Metals Magnesium, Zinc 
Sodium (), Lithium () 
Iron 

Salts Copper salts: iodide, chloride, 
bromide, Sulfate, formate, 
(other anions possible) 
Fe' salts: e.g. orthophosphate, 
pyrophosphate, (other anions 
possible) 
Oxygen () on platinum, gold 
or other catalytic Surfaces 
Vanadium oxide 
Manganese oxide 

Intercalation 
compounds 

Graphite with Li, K, 
Ca,Na, Mg 

0028. Thus, when the system 30 is in contact with the 
conducting liquid, a current path, an example is shown in FIG. 
5, is formed through the conducting liquid between material 
34 and 36. A control device 38 is secured to the framework32 
and electrically coupled to the materials 34 and 36. The con 
trol device 38 includes electronic circuitry, for example con 
trol logic that is capable of controlling and altering the con 
ductance between the materials 34 and 36. 
0029. The voltage potential created between the materials 
34 and 36 provides the powerfor operating the system as well 
as produces the current flow through the conducting fluid and 
the system. In one embodiment, the system operates in direct 
current mode. In an alternative embodiment, the system con 
trols the direction of the current so that the direction of current 
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is reversed in a cyclic manner, similar to alternating current. 
As the system reaches the conducting fluid or the electrolyte, 
where the fluid or electrolyte component is provided by a 
physiological fluid, e.g., stomach acid, the path for current 
flow between the materials 34 and 36 is completed external to 
the system 30: the current path through the system 30 is 
controlled by the control device 38. Completion of the current 
path allows for the current to flow and in turn a receiver, not 
shown, can detect the presence of the current and recognize 
that the system 30 has been activate and the desired event is 
occurring or has occurred. 
0030. In one embodiment, the two materials 34 and 36 are 
similar in function to the two electrodes needed for a direct 
current power source. Such as a battery. The conducting liquid 
acts as the electrolyte needed to complete the power source. 
The completed power source described is defined by the 
physical chemical reaction between the materials 34 and 36 of 
the system 30 and the surrounding fluids of the body. The 
completed power source may be viewed as a power Source 
that exploits reverse electrolysis in an ionic or a conduction 
solution such as gastric fluid, blood, or other bodily fluids and 
Some tissues. Additionally, the environment may be some 
thing other than a body and the liquid may be any conducting 
liquid. For example, the conducting fluid may be saltwater or 
a metallic based paint. 
0031. In certain embodiments, these two materials are 
shielded from the Surrounding environment by an additional 
layer of material. Accordingly, when the shield is dissolved 
and the two dissimilar materials are exposed to the target site, 
a Voltage potential is generated. 
0032. In certain embodiments, the complete power source 
or Supply is one that is made up of active electrode materials, 
electrolytes, and inactive materials, such as current collec 
tors, packaging, etc. The active materials are any pair of 
materials with different electrochemical potentials. Suitable 
materials are not restricted to metals, and in certain embodi 
ments the paired materials are chosen from metals and non 
metals, e.g., a pair made up of a metal (such as Mg) and a salt 
(such as CuI). With respect to the active electrode materials, 
any pairing of Substances—metals, salts, or intercalation 
compounds—with suitably different electrochemical poten 
tials (voltage) and low interfacial resistance are Suitable. 
0033) A variety of different materials may be employed as 
the materials that form the electrodes. In certain embodi 
ments, electrode materials are chosen to provide for a Voltage 
upon contact with the target physiological site, e.g., the stom 
ach, sufficient to drive the system of the identifier. In certain 
embodiments, the voltage provided by the electrode materials 
upon contact of the metals of the power source with the target 
physiological site is 0.001 V or higher, including 0.01 V or 
higher, Such as 0.1 V or higher, e.g., 0.3 V or higher, including 
0.5 volts or higher, and including 1.0 volts or higher, where in 
certain embodiments, the voltage ranges from about 0.001 to 
about 10 volts, such as from about 0.01 to about 10 V. 
0034 Referring again to FIG. 3, the materials 34 and 36 
provide the voltage potential to activate the control device 38. 
Once the control device 38 is activated or powered up, the 
control device 38 can alterconductance between thematerials 
34 and 36 in a unique manner. By altering the conductance 
between materials 34 and 36, the control device 38 is capable 
of controlling the magnitude of the current through the con 
ducting liquid that Surrounds the system 30. This produces a 
unique current signature that can be detected and measured 
by a receiver (not shown), which can be positioned internal or 
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external to the body. In addition to controlling the magnitude 
of the current path between the materials, non-conducting 
materials, membrane, or “skirt are used to increase the 
“length of the current path and, hence, act to boost the 
conductance path, as disclosed in the U.S. patent application 
Ser. No. 12/238.345 entitled, “In-Body Device with Virtual 
Dipole Signal Amplification' filed Sep. 25, 2008, the entire 
content of which is incorporated herein by reference. Alter 
natively, throughout the disclosure herein, the terms “non 
conducting material”, “membrane', and "skirt’ are inter 
changeably with the term “current path extender without 
impacting the scope or the present embodiments and the 
claims herein. The skirt, shown in portion at 35 and 37. 
respectively, may be associated with, e.g., secured to, the 
framework32. Various shapes and configurations for the skirt 
are contemplated as within the Scope of the present invention. 
For example, the system 30 may be surrounded entirely or 
partially by the skirt and the skirt maybe positioned along a 
central axis of the system 30 or off-center relative to a central 
axis. Thus, the scope of the present invention as claimed 
herein is not limited by the shape or size of the skirt. Further 
more, in other embodiments, the materials 34 and 36 may be 
separated by one skirt that is positioned in any defined region 
between the materials 34 and 36. 

0035 Referring now to FIG. 4, in another embodiment, 
the systems 12 and 22 of FIGS. 2A and 2B, respectively, are 
shown in more detail as system 40. The system 40 includes a 
framework 42. The framework 42 is similar to the framework 
32 of FIG.3. In this embodiment of the system 40, a digestible 
or dissolvable material 44 is deposited on a portion of one side 
of the framework 42. At a different portion of the same side of 
the framework 42, another digestible material 46 is deposited, 
such that materials 44 and 46 are dissimilar. More specifi 
cally, material 44 and 46 are selected such that they form a 
Voltage potential difference when in contact with a conduct 
ing liquid, Such as body fluids. Thus, when the system 40 is in 
contact with and/or partially in contact with the conducting 
liquid, then a current path, an example is shown in FIG. 5, is 
formed through the conducting liquid between material 44 
and 46. A control device 48 is secured to the framework 42 
and electrically coupled to the materials 44 and 46. The con 
trol device 48 includes electronic circuitry that is capable of 
controlling part of the conductance path between the materi 
als 44 and 46. The materials 44 and 46 are separated by a 
non-conducting skirt 49. Various examples of the skirt 49 are 
disclosed in U.S. Provisional Application No. 61/173,511 
filed on Apr. 28, 2009 and entitled “HIGHLY RELIABLE 
INGESTIBLE EVENT MARKERS AND METHODS OF 
USING SAME' and U.S. Provisional Application No. 
61/173,564 filed on Apr. 28, 2009 and entitled “INGEST 
IBLE EVENT MARKERS HAVING SIGNAL AMPLIFI 
ERS THAT COMPRISE AN ACTIVE AGENT: as well as 
U.S. application Ser. No. 12/238.345 filed Sep. 25, 2008 and 
entitled IN-BODY DEVICE WITH VIRTUAL DIPOLE 
SIGNAL AMPLIFICATION: the entire disclosure of each is 
incorporated herein by reference. 
0036. Once the control device 48 is activated or powered 
up, the control device 48 can alter conductance between the 
materials 44 and 46. Thus, the control device 48 is capable of 
controlling the magnitude of the current through the conduct 
ing liquid that Surrounds the system 40. AS indicated above 
with respect to system 30, a unique current signature that is 
associated with the system 40 can be detected by a receiver 
(not shown) to mark the activation of the system 40. In order 
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to increase the “length of the current path the size of the skirt 
49 is altered. The longer the current path, the easier it may be 
for the receiver to detect the current. 

0037 Referring now to FIG. 5, the system 30 of FIG. 3 is 
shown in an activated State and in contact with conducting 
liquid. The system 30 is grounded through ground contact 52. 
The system 30 also includes a sensor module 74, which is 
described in greater detail with respect to FIG. 6. Ion or 
current paths 50 between material 34 to material 36 and 
through the conducting fluid in contact with the system 30. 
The voltage potential created between the material 34 and 36 
is created through chemical reactions between materials 
34/36 and the conducting fluid. FIG. 5A shows an exploded 
view of the surface of the material 34. The surface of the 
material 34 is not planar, but rather an irregular surface. The 
irregular Surface increases the Surface area of the material 
and, hence, the area that comes in contact with the conducting 
fluid. 

0038. In one embodiment, at the surface of the material 34, 
there is chemical reaction between the material 34 and the 
Surrounding conducting fluid Such that mass is released into 
the conducting fluid. The term “mass” as used herein refers to 
protons and neutrons that form a substance. One example 
includes the instant where the material is CuCl and when in 
contact with the conducting fluid, CuCl becomes Cu (solid) 
and Clin solution. The flow of ions into the conduction fluid 
is depicted by the ion paths 50. In a similar manner, there is a 
chemical reaction between the material 36 and the surround 
ing conducting fluid and ions are captured by the material 36. 
The release of ions at the material 34 and capture ofion by the 
material 36 is collectively referred to as the ionic exchange. 
The rate of ionic exchange and, hence the ionic emission rate 
or flow, is controlled by the control device 38. The control 
device 38 can increase or decrease the rate of ion flow by 
altering the conductance, which alters the impedance, 
between the materials 34 and 36. Through controlling the ion 
exchange, the system 30 can encode information in the ionic 
exchange process. Thus, the system 30 uses ionic emission to 
encode information in the ionic exchange. 
0039. The control device 38 can vary the duration of a 
fixed ionic exchange rate or current flow magnitude while 
keeping the rate or magnitude near constant, similar to when 
the frequency is modulated and the amplitude is constant. 
Also, the control device 38 can vary the level of the ionic 
exchange rate or the magnitude of the current flow while 
keeping the duration near constant. Thus, using various com 
binations of changes in duration and altering the rate or mag 
nitude, the control device 38 encodes information in the cur 
rent flow or the ionic exchange. For example, the control 
device 38 may use, but is not limited to any of the following 
techniques namely, Binary Phase-Shift Keying (PSK), Fre 
quency modulation, Amplitude modulation, on-off keying, 
and PSK with on-off keying. 
0040. As indicated above, the various embodiments dis 
closed herein, such as systems 30 and 40 of FIGS. 3 and 4. 
respectively, include electronic components as part of the 
control device 38 or the control device 48. Components that 
may be present include but are not limited to: logic and/or 
memory elements, an integrated circuit, an inductor, a resis 
tor, and sensors for measuring various parameters. Each com 
ponent may be secured to the framework and/or to another 
component. The components on the Surface of the Support 
may be laid out in any convenient configuration. Where two 
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or more components are present on the Surface of the Solid 
Support, interconnects may be provided. 
0041 As indicated above, the system, such as system 30 
and 40, control the conductance between the dissimilar mate 
rials and, hence, the rate of ionic exchange or the current flow. 
Through altering the conductance in a specific manner the 
system is capable of encoding information in the ionic 
exchange and the current signature. The ionic exchange or the 
current signature is used to uniquely identify the specific 
system. Additionally, the systems 30 and 40 are capable of 
producing various different unique exchanges or signatures 
and, thus, provide additional information. For example, a 
second current signature based on a second conductance 
alteration pattern may be used to provide additional informa 
tion, which information may be related to the physical envi 
ronment. To further illustrate, a first current signature may be 
a very low current state that maintains an oscillator on the chip 
and a second current signature may be a current state at least 
a factor often higher than the current state associated with the 
first current signature. 
0042. Referring now to FIG. 6, a block diagram represen 
tation of the control device 38 is shown. The device 30 
includes a control module 62, a counter or clock 64, and a 
memory 66. Additionally, the device 38 is shown to include a 
sensor module 72 as well as the sensor module 74, which was 
referenced in FIG. 5. The control module 62 has an input 68 
electrically coupled to the material 34 and an output 70 elec 
trically coupled to the material 36. The control module 62, the 
clock 64, the memory 66, and the sensor modules 72/74 also 
have power inputs (some not shown). The power for each of 
these components is Supplied by the Voltage potential pro 
duced by the chemical reaction between materials 34 and 36 
and the conducting fluid, when the system 30 is in contact 
with the conducting fluid. The control module 62 controls the 
conductance through logic that alters the overall impedance 
of the system 30. The control module 62 is electrically 
coupled to the clock 64. The clock 64 provides a clock cycle 
to the control module 62. Based upon the programmed char 
acteristics of the control module 62, when a set number of 
clock cycles have passed, the control module 62 alters the 
conductance characteristics between materials 34 and 36. 
This cycle is repeated and thereby the control device 38 
produces a unique current signature characteristic. The con 
trol module 62 is also electrically coupled to the memory 66. 
Both the clock 64 and the memory 66 are powered by the 
voltage potential created between the materials 34 and 36. 
0043. The control module 62 is also electrically coupled to 
and in communication with the sensor modules 72 and 74. In 
the embodiment shown, the sensor module 72 is part of the 
control device 38 and the sensor module 74 is a separate 
component. In alternative embodiments, either one of the 
sensor modules 72 and 74 can be used without the other and 
the scope of the present invention is not limited by the struc 
tural or functional location of the sensor modules 72 or 74. 
Additionally, any component of the system 30 may be func 
tionally or structurally moved, combined, or repositioned 
without limiting the scope of the present invention as claimed. 
Thus, it is possible to have one single structure, for example a 
processor, which is designed to perform the functions of all of 
the following modules: the control module 62, the clock 64, 
the memory 66, and the sensor module 72 or 74. On the other 
hand, it is also within the scope of the present invention to 
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have each of these functional components located in indepen 
dent structures that are linked electrically and able to com 
municate. 
0044) Referring again to FIG. 6, the sensor modules 72 or 
74 can include any of the following sensors: temperature, 
pressure, pH level, and conductivity. In one embodiment, the 
sensor modules 72 or 74 gather information from the envi 
ronment and communicate the analog information to the con 
trol module 62. The control module then converts the analog 
information to digital information and the digital information 
is encoded in the current flow or the rate of the transfer of 
mass that produces the ionic flow. In another embodiment, the 
sensor modules 72 or 74 gather information from the envi 
ronment and convert the analog information to digital infor 
mation and then communicate the digital information to con 
trol module 62. In the embodiment shown in FIG. 5, the 
sensor modules 74 is shown as being electrically coupled to 
the material 34 and 36 as well as the control device 38. In 
another embodiment, as shown in FIG. 6, the sensor module 
74 is electrically coupled to the control device 38 at connec 
tion 78. The connection 78 acts as both a source for power 
Supply to the sensor module 74 and a communication channel 
between the sensor module 74 and the control device 38. 
0045 Referring now to FIG. 5B, the system 30 includes a 
pH sensor module 76 connected to a material 39, which is 
selected in accordance with the specific type of sensing func 
tion being performed. The pH sensor module 76 is also con 
nected to the control device 38. The material 39 is electrically 
isolated from the material 34 by a non-conductive barrier 55. 
In one embodiment, the material 39 is platinum. In operation, 
the pH sensor module 76 uses the voltage potential difference 
between the materials 34/36. The pH sensor module 76 mea 
sures the voltage potential difference between the material 34 
and the material 39 and records that value for later compari 
son. The pH sensor module 76 also measures the voltage 
potential difference between the material 39 and the material 
36 and records that value for later comparison. The pH sensor 
module 76 calculates the pH level of the surrounding envi 
ronment using the Voltage potential values. The pH sensor 
module 76 provides that information to the control device 38. 
The control device 38 varies the rate of the transfer of mass 
that produces the ionic transfer and the current flow to encode 
the information relevant to the pH level in the ionic transfer, 
which can be detected by a receiver (not shown). Thus, the 
system 30 can determine and provide the information related 
to the pH level to a source external to the environment. 
0046. As indicated above, the control device 38 can be 
programmed in advance to output a pre-defined current sig 
nature. In another embodiment, the system can include a 
receiver system that can receive programming information 
when the system is activated. In another embodiment, not 
shown, the switch 64 and the memory 66 can be combined 
into one device. 

0047. In addition to the above components, the system 30 
may also include one or other electronic components. Elec 
trical components of interest include, but are not limited to: 
additional logic and/or memory elements, e.g., in the form of 
an integrated circuit; a power regulation device, e.g., battery, 
fuel cell or capacitor, a sensor, a stimulator, etc.; a signal 
transmission element, e.g., in the form of an antenna, elec 
trode, coil, etc.; a passive element, e.g., an inductor, resistor, 
etc. 

0048. In certain embodiments, the ingestible circuitry 
includes a coating layer. The purpose of this coating layer can 
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vary, e.g., to protect the circuitry, the chip and/or the battery, 
or any components during processing, during Storage, or even 
during ingestion. In such instances, a coating on top of the 
circuitry may be included. Also of interest are coatings that 
are designed to protect the ingestible circuitry during storage, 
but dissolve immediately during use. For example, coatings 
that dissolve upon contact with an aqueous fluid, e.g. stomach 
fluid, or the conducting fluid as referenced above. Also of 
interest are protective processing coatings that are employed 
to allow the use of processing steps that would otherwise 
damage certain components of the device. For example, in 
embodiments where a chip with dissimilar material deposited 
on the top and bottom is produced, the product needs to be 
diced. However, the dicing process can scratch off the dis 
similar material, and also there might be liquid involved 
which would cause the dissimilar materials to discharge or 
dissolve. In Such instances, a protective coating on the mate 
rials prevents mechanical or liquid contact with the compo 
nent during processing can be employed. Another purpose of 
the dissolvable coatings may be to delay activation of the 
device. For example, the coating that sits on the dissimilar 
material and takes a certain period of time, e.g., five minutes, 
to dissolve upon contact with stomach fluid may be 
employed. The coating can also be an environmentally sen 
sitive coating, e.g., a temperature or pH sensitive coating, or 
other chemically sensitive coating that provides for dissolu 
tion in a controlled fashion and allows one to activate the 
device when desired. Coatings that survive the stomach but 
dissolve in the intestine are also of interest, e.g., where one 
desires to delay activation until the device leaves the stomach. 
An example of such a coating is a polymer that is insoluble at 
low pH, but becomes soluble at a higher pH. Also of interest 
are pharmaceutical formulation protective coatings, e.g., agel 
cap liquid protective coating that prevents the circuit from 
being activated by liquid of the gel cap. 
0049) Identifiers of interest include two dissimilar electro 
chemical materials, which act similar to the electrodes (e.g., 
anode and cathode) of a power source. The reference to an 
electrode or anode or cathode are used here merely as illus 
trative examples. The scope of the present invention is not 
limited by the label used and includes the embodiment 
wherein the voltage potential is created between two dissimi 
lar materials. Thus, when reference is made to an electrode, 
anode, or cathode it is intended as a reference to a Voltage 
potential created between two dissimilar materials. 
0050. When the materials are exposed and come into con 
tact with the body fluid, such as stomach acidor other types of 
fluid (either alone or in combination with a dried conductive 
medium precursor), a potential difference, that is, a Voltage, is 
generated between the electrodes as a result of the respective 
oxidation and reduction reactions incurred to the two elec 
trode materials. A voltaic cell, or battery, can thereby be 
produced. Accordingly, in embodiments of the invention, 
Such power Supplies are configured Such that when the two 
dissimilar materials are exposed to the target site, e.g., the 
stomach, the digestive tract, etc., a Voltage is generated. 
0051. In certain embodiments, one or both of the metals 
may be doped with a non-metal, e.g., to enhance the Voltage 
output of the battery. Non-metals that may be used as doping 
agents in certain embodiments include, but are not limited to: 
sulfur, iodine and the like. 
0052. It is to be understood that this invention is not lim 
ited to particular embodiments or aspects described, as Such 
may vary. It is also to be understood that the terminology used 
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herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting, since the scope 
of the present invention will be limited only by the appended 
claims. 
0053 Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limit of that range and any other stated or 
intervening value in that stated range, is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included in the Smaller ranges 
and are also encompassed within the invention, Subject to any 
specifically excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included in 
the invention. 
0054. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can also be used in 
the practice or testing of the present invention, representative 
illustrative methods and materials are now described. 
0055 All publications and patents cited in this specifica 
tion are herein incorporated by reference as if each individual 
publication or patent were specifically and individually indi 
cated to be incorporated by reference and are incorporated 
herein by reference to disclose and describe the methods 
and/or materials in connection with which the publications 
are cited. The citation of any publication is for its disclosure 
prior to the filing date and should not be construed as an 
admission that the present invention is not entitled to antedate 
such publication by virtue of prior invention. Further, the 
dates of publication provided may be different from the actual 
publication dates which may need to be independently con 
firmed. 
0056. It is noted that, as used herein and in the appended 
claims, the singular forms “a”, “an', and “the include plural 
referents unless the context clearly dictates otherwise. It is 
further noted that the claims may be drafted to exclude any 
optional element. As such, this statement is intended to serve 
as antecedent basis for use of Such exclusive terminology as 
“solely.” “only' and the like in connection with the recitation 
of claim elements, or use of a “negative' limitation. 
0057. As will be apparent to those of skill in the art upon 
reading this disclosure, each of the individual embodiments 
described and illustrated herein has discrete components and 
features which may be readily separated from or combined 
with the features of any of the other several embodiments 
without departing from the scope or spirit of the present 
invention. Any recited method can be carried out in the order 
of events recited or in any other order which is logically 
possible. 
0058 Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it is readily apparent 
to those of ordinary skill in the art in light of the teachings of 
this invention that certain changes and modifications may be 
made thereto without departing from the spirit or scope of the 
appended claims. 
0059. Accordingly, the preceding merely illustrates the 
principles of the invention. It will be appreciated that those 
skilled in the art will be able to devise various arrangements 
which, although not explicitly described or shown herein, 
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embody the principles of the invention and are included 
within its spirit and scope. Furthermore, all examples and 
conditional language recited herein are principally intended 
to aid the reader in understanding the principles of the inven 
tion and the concepts contributed by the inventors to further 
ing the art, and are to be construed as being without limitation 
to Such specifically recited examples and conditions. More 
over, all statements herein reciting principles, aspects, and 
embodiments of the invention as well as specific examples 
thereof, are intended to encompass both structural and func 
tional equivalents thereof. Additionally, it is intended that 
Such equivalents include both currently known equivalents 
and equivalents developed in the future, i.e., any elements 
developed that perform the same function, regardless of struc 
ture. The scope of the present invention, therefore, is not 
intended to be limited to the exemplary embodiments shown 
and described herein. Rather, the scope and spirit of present 
invention is embodied by the appended claims. 

1-4. (canceled) 
5. An electronic device comprising: 
a control unit; and 
a partial power source comprising: 

a first material electrically coupled to the control unit; 
and 

a second material electrically coupled to the control unit, 
wherein the second material is dissimilar from the 
first material and has a different electrochemical 
potential than the first material; 

wherein the first material and the second materials are 
configured to generate a Voltage potential difference 
therebetween when in contact with an electrically con 
ductive medium; 

wherein the first material and the second material are con 
figured to Supply power to the control unit; and 

wherein the control unit is configured to produce a magni 
tude encoded current signal between the first material 
and the second material in the electrically conductive 
medium. 

6. The electronic device of claim 5, wherein the magnitude 
encoded current signal is transmitted through the electrically 
conductive medium and is detectable by a receiver. 

7. The electronic device of claim 5, wherein the magnitude 
encoded current signal propagates through the electrically 
conductive medium to a receiver. 

8. The electronic device of claim 5, wherein the electrically 
conductive medium comprises an electrically conductive 
fluid. 

9. The electronic device of claim8, wherein the electrically 
conductive fluid comprises a conducting liquid. 

10. The electronic device of claim 9, wherein the electri 
cally conductive liquid comprises physiological fluid. 

11. The electronic device of claim 10, wherein the physi 
ological fluid is contained within a subject's body and com 
prises stomach acids. 

12. The electronic device of claim 9, wherein the electri 
cally conductive liquid comprises tissue. 

13. The electronic device of claim 5, further comprising at 
least one current path extender disposed between the first and 
second materials configured to extend a current path between 
the first and second materials. 

14. An electronic device comprising: 
a control unit; and 
a partial power source, the partial power source compris 

1ng: 
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a first material electrically coupled to the control unit; 
and 

a second material electrically coupled to the control unit; 
and 

an electrically insulative disposed between the first and 
second materials configured to extend an electrical 
current path between the first material and the second 
material, wherein the first material and the second 
material are configured to provide a Voltage potential 
difference when in contact with an electrically con 
ductive medium and are configured to Supply power 
to the control unit; 

wherein an electrical current is produced along the cur 
rent path when the first material and the second mate 
rial are in contact with the electrically conductive 
medium and the control unit is configured to alter 
conductance of the electrical current between the first 
material and the second material to encode informa 
tion in the electrical current by the control unit. 

15. The electronic device of claim 14, further comprising a 
power regulation unit electrically coupled to the control unit. 

16. The electronic device of claim 15, wherein the power 
regulation unit comprises an energy dissipation unit. 

17. The electronic device of claim 16, wherein the power 
regulation unit comprises a timing module to control activa 
tion and deactivation of the control unit. 

18. The electronic device of claim 15, further comprising 
an internal power source coupled to the control unit and 
configured to power up the electronic device. 

19. The electronic device of claim 18, wherein the internal 
power source is a battery. 
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20. The electronic device of claim 18, wherein the internal 
power source is a capacitor. 

21. An apparatus comprising: 
a communication device to provide a unique signal, 

wherein the communication device comprises: 
a Support structure comprising a control unit; 
a first material physically associated with the Support 

Structure: 
a second material physically associated with the Support 

structure, wherein the second material is dissimilar 
from the first material and has a different electro 
chemical potential than the first material; and 

wherein the first material and the second material are 
electrically connected through the control unit; and 

wherein the first material and the second material are 
configured to generate a Voltage potential difference 
to Supply power to the communication device when in 
contact withaan electrically conductive medium; and 

an electrically isolating medium encapsulating the com 
munication device to create an isolated unit, wherein the 
isolating medium is electrically insulative. 

22. The apparatus of claim 21, wherein the isolating 
medium is configured as a barrier between the communica 
tion device and the electrically conductive medium, and 
wherein a breakdown in the barrier allows the conducting 
medium to come into contact with and activate the commu 
nication device to produce a unique electrical signal. 

23. The apparatus of claim 22, wherein the unique electri 
cal signal is an identifiable current signature resulting from 
the control unit varying a conductance of the apparatus. 

24. The apparatus of claim 22, wherein the communication 
device includes a signaling unit for producing the unique 
signal wherein the unique signal is an electromagnetic signal. 
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